The Dietary Approaches to Stop Hypertension (DASH) diet, which emphasizes fruits, vegetables, and low fat dairy products, significantly lowers blood pressure (BP). We conducted a clinical trial to assess the BP response to the DASH diet with an antihypertensive medication, losartan, in participants with essential hypertension. Methods: A total of 55 hypertensive participants were randomly assigned to 8 weeks of controlled feeding with either a control diet or the DASH diet. Within each diet arm, participants received losartan 50 mg daily or placebo for 4 weeks each, in double blind, randomized, cross-over fashion. Twenty-four-hour ambulatory BP (ABP) was measured at the end of a 2-week run-in period (baseline) and after each 4-week intervention period. Results: There was no significant change in ABP during the placebo period on the control diet (n ϭ 28) (Ϫ2.3
R
ecommendations for hypertension prevention and treatment consistently include lifestyle modifications as both an initial step and as an adjunct to pharmacologic therapy. Dietary interventions have been the mainstay of nonpharmacologic therapy but have traditionally focused on salt restriction and weight loss. The success of these interventions has typically been suboptimal, largely related to the difficulty in achieving and sustaining dietary and lifestyle changes.
We previously reported the results of a multicenter study, the Dietary Approaches to Stop Hypertension (DASH) study. 1 We showed that a diet emphasizing fruits, vegetables, and low fat dairy products significantly lowers blood pressure (BP) in individuals with diastolic BP (DBP) between 80 and 95 mm Hg and systolic BP (SBP) Ͻ160 mm Hg. The DASH diet was particularly effective in participants with stage 1 systolic or diastolic hypertension. 2, 3 The importance of these findings was acknowledged by the Sixth Report of the Joint National Committee (JNC-VI), which recommended the DASH diet for prevention and treatment of hypertension. 4 The DASH study did not enroll patients with higher levels of BP. Most of these patients, who are currently treated with antihypertensive medication, might achieve additional BP lowering with concomitant use of the DASH diet. The present study was designed to test the hypothesis that the DASH diet enhances the BP response to antihy-pertensive medication in patients with stages 1 and 2 hypertension.
Based on observations (unpublished) that the DASH diet was associated with a small but significant increase in plasma renin activity (PRA) and a significant association between the BP response to the DASH diet and the presence of the G-6A angiotensinogen gene polymorphism, 5 we hypothesized that using an agent that interrupts the renin angiotensin system would be effective in conjunction with the DASH diet. The angiotensin receptor blocker losartan was used to explore this question.
Methods

Study Population
This multicenter feeding study was conducted in a double blind, randomized, placebo controlled manner. Study participants were adults with essential hypertension. The protocol excluded individuals with significant concomitant medical conditions that would interfere with or be affected by participation in the study. Those taking antihypertensive medication were withdrawn from medication before completing two screening visits at least 1 week apart. To be eligible, participants were required to have measurements of mean DBP 90 to 109 mm Hg and mean SBP Ͻ180 mm Hg (JNC-VI stages 1 and 2 systolic and diastolic hypertension) 4 at each screening visit. Human research committees approved the study at each of the participating centers and all individuals provided written informed consent before entering the study.
Study Diets
The study diets, outlined in Table 1 , have been previously described. 1, 6 The control diet is typical of what many Americans eat in terms of macronutrient and micronutrient composition. The DASH diet emphasizes fruits, vegetables, and low-fat dairy products; it includes whole grains, poultry, fish, and nuts; and it is reduced in fat, red meat, sweets, and sugar containing beverages. Compared to the control diet, the DASH diet was designed to contain higher amounts of potassium, magnesium, calcium, fiber, and protein, and lower amounts of saturated fat, total fat, and cholesterol. Both diets contained the same sodium content (approximately 3 g sodium/2100 kcal intake).
Study Design
Eligible participants began a 2-week run-in period of controlled feeding eating the control diet. This study period was used to determine caloric requirements and participant adherence to the feeding protocol.
After the run-in period, participants were randomized in block format (accounting for ethnicity) to continue the control diet (n ϭ 28) or begin the DASH diet (n ϭ 27). The diet assignment was continued for 8 weeks and was subdivided into two 4-week treatment periods during which participants were given either losartan 50 mg daily or matching placebo in double blind, randomized, crossover fashion (Fig. 1) .
For the full 10 weeks of controlled feeding (2 weeks of run-in and 8 weeks of randomized diet feeding), all meals were prepared in metabolic kitchens and supplied to study participants. Compliance with the dietary intervention was assessed by participants' daily attendance (Monday through Friday) for one on-site meal, attendance at study visits for BP measurement, and self-report of adherence. Caloric intake was adjusted during the study to maintain entry-level weight. All participants were asked to continue with any exercise or physical activities in which they had participated before entry into the study.
Study Measurements
The primary outcome measurements were 24-h SBP and DBP measured with ambulatory BP monitors (model 90207, SpaceLabs, Redmond, WA). The devices were placed on the nondominant arm and programmed to take readings automatically every 30 min over a 24-h period. Recordings were considered complete if at least 14 acceptable readings were recorded between 6:00 AM and 12:00 AM. Participants who failed to complete this number of acceptable readings were asked to wear the device for an additional 24-h period.
Blood pressure was also measured with a standard mercury sphygmomanometer at baseline and weekly during the protocol. Duplicate seated measurements were obtained in the right arm after 5 min of undisturbed sitting. The mean of duplicate measurements taken on 2 successive days, at the time of ambulatory BP monitor placement and removal, were used for baseline and end of treatment period measurements.
Twenty-four-hour urine collections were obtained at the end of each treatment period for measurement of creatinine, sodium, and potassium excretion. Plasma renin activity (PRA) was measured at baseline and after each treatment period, with participants in the sitting position after at least 90 min of upright posture.
Statistical Analyses
Data were analyzed based on all randomized participants (intent-to-treat) and are expressed as mean Ϯ SE. Changes in ambulatory BP from the end of the run-in period (baseline) to the end of each 4-week treatment period were the primary outcome measures. The study was designed with 80% power to detect a between group difference of 4 mm Hg for DBP and 6 mm Hg for SBP as significant. Analyses used an ANOVA model for repeated measures with adjustment for site, ethnicity, sex, treatment period, and carry-over effects. A value of P Ͻ .05 was considered significant. For analyses by diet and ethicity, corrections for multiple comparisons were applied. The association of PRA and change in BP was assessed by multiple linear regression.
Results
A total of 183 individuals were screened for the study; 66 were eligible and started the run-in period. Of these, 55 participants were randomized. All randomized participants completed the study. Baseline demographic characteristics of the 55 randomized participants are shown in Table 2 .
During the placebo period there was no significant change from baseline in 24-h ambulatory SBP or DBP on the control diet (⌬ BP, Ϫ2.3 Ϯ 1.5/Ϫ1.6 Ϯ 1.0 mm Hg) but there was a significant reduction from baseline in ambulatory SBP (Ϫ5.3 Ϯ 1.5 mm Hg, P Ͻ .05) and no change in DBP (Ϫ2.5 Ϯ 1.0 mm Hg) on the DASH diet (Fig. 2) . Losartan significantly reduced both SBP and DBP from baseline on the control diet (⌬ BP, Ϫ6.7 Ϯ 1.5/Ϫ3.7 Ϯ 1.0 mm Hg, P Ͻ .05) and on the DASH diet (⌬ BP, Ϫ11.7 Ϯ 1.5/Ϫ6.9 Ϯ 1.0 mm Hg, P Ͻ .05). The SBP and DBP changes from baseline with losartan were significantly greater (P Ͻ .05) on the DASH diet than on the control diet. Clinic BP changed in parallel with ambulatory BP (Table 3 ). Both SBP (P Ͻ .05) and DBP (P ϭ .07) were lower in participants on the DASH diet versus the control diet.
The DASH diet had greater effects in hypertensive African Americans than in non-African Americans, consistent with prior observations. 1 There was a significant interaction of losartan treatment with ethnicity (P Ͻ .001) for both SBP and DBP. Overall, non-African Americans had a greater response to losartan than African Americans. However, the DASH diet substantially augmented the BP response to losartan in African Americans, (Table 4) , in whom the interventions were more than additive. In nonAfrican Americans the BP response to losartan did not differ on the DASH or control diets. SBP ϭ systolic blood pressure; DBP ϭ diastolic blood pressure; BMI ϭ body mass index; other abbreviation as in Table 1 . Data are given as mean Ϯ SD.
FIG. 2. Twenty-four-hour ambulatory systolic (A) and diastolic (B)
blood pressures at baseline and during placebo and losartan treatment. *P Ͻ .05 v baseline; †P Ͻ .05 v placebo. BP ϭ blood pressure; other abbreviation as in Fig. 1 .
A greater number of losartan treated participants on the DASH diet had clinic BP Ͻ140/90 mm Hg than did those on the control diet. In all, 46% (13/28) of those on the control diet with losartan had BP Ͻ140/90 mm Hg, whereas 63% (17/27) on the DASH diet with losartan achieved BP Ͻ140/90 mm Hg. African Americans showed similar trends: 33% (6/18) on the control diet with losartan and 53% (9/17) on the DASH diet with losartan had BP Ͻ140/90 mm Hg.
Twenty-four-hour urine potassium excretion showed clear separation between diets, with participants on the DASH diet having significantly higher urine potassium, reflecting the increased fruit and vegetable intake ( Table  5 ). There was no difference in urinary potassium excretion within diets during the placebo and losartan treatment periods.
The PRA did not change from baseline after the placebo period on either diet, but it increased significantly (P Ͻ .05) during losartan treatment, similarly on both diets (Table 5 ). In participants on the DASH diet, the losartan induced change in SBP was significantly but inversely related to baseline PRA (r ϭ Ϫ0.53, P ϭ .004) (Fig. 3) . Those with higher PRA at baseline had a greater fall in SBP in response to the combined DASH diet-losartan interventions. Multiple linear regression, including terms for baseline BP, ethnicity, and intervention period, showed that this relationship remained significant (P Ͻ .01). The relationship between change in DBP from baseline and baseline PRA was also inverse (P ϭ .08). No similar relationships were present in individuals on the control diet.
Discussion
In this study, the DASH diet with losartan significantly reduced BP in patients with stages 1 and 2 hypertension in comparison to losartan treatment on a control diet background. These results have important implications for the treatment of patients with essential hypertension. Dietary modifications are frequently advocated as an adjunct to antihypertensive therapy, with a focus on sodium restriction. 4 Fewer data are available on the effects of dietary patterns such as the DASH diet. Two prior studies assessed the impact of low fat/high fiber diets with or without sodium restriction on BP in treated hypertensive subjects. Significant antihypertensive effects were achieved only with the addition of sodium restriction. 7, 8 The DASH diet combined with multiple lifestyle changes-exercise, moderate sodium restriction, and weight loss-when compared with a control diet without lifestyle changes is associated with significantly lower BP in treated hypertensive patients. 9 Our data show that the Table 4 . Changes in 24-h ambulatory blood pressure from baseline in African Americans and non-African Americans
African Americans Non-African Americans
Control (n ‫؍‬ 18) DASH (n ‫؍‬ 17) Control (n ‫؍‬ 10) DASH (n ‫؍‬ 10)
Abbreviations as in Tables 1-3 . Data are given as mean Ϯ SD. * P Ͻ .01 v placebo; † P Ͻ .05 v control diet. Tables 1 and 2 . Data are given as mean Ϯ SD. * P Ͻ .05 v baseline; † P Ͻ .05 v control diet.
DASH diet alone lowers BP and augments the BP response to losartan in patients with stages 1 and 2 hypertension. This study showed effects of the DASH diet that were qualitatively similar to findings from the hypertensive subgroups (stage 1 systolic or diastolic hypertension) in the DASH study [1] [2] [3] 10 and the DASH-Sodium study. 11 The changes that we observed in clinic BP were less than those observed in hypertensive patients in the DASH study 2, 3 but were greater than those observed in hypertensive subjects in the DASH-Sodium trial. 11 However, the present study involved patients with higher levels of BP and also enrolled fewer participants than either the DASH study or DASH-Sodium study, potentially contributing to more variability in the BP responses.
The BP response to losartan on the control diet differed by ethnicity. Non-African Americans experienced a greater effect than did African Americans. The lesser effect of losartan in African Americans on the control diet is consistent with prior observations showing lesser BP effects with agents that block the renin-angiotensin system in African Americans than in non-African Americans. 12, 13 These differences by ethnicity may be negated by concomitant administration of a diuretic 14, 15 or sodium restriction. In our study, the BP response to losartan with the DASH diet was similar in both ethnic subgroups. Thus, the DASH diet neutralizes ethnic differences in the BP response to losartan.
Although this study was not designed to elucidate the mechanism(s) for an amplified effect of the DASH diet with losartan, an interaction with the renin-angiotensin system is suggested by the relationship between baseline PRA and the BP response to the DASH diet and losartan. Those participants with higher baseline PRA, regardless of ethnicity, had greater BP responses to the DASH diet and losartan. We recently reported an association between the BP response to the DASH diet and the G-6A angiotensinogen gene polymorphism, 5 which is associated with increased angiotensinogen levels 16, 17 and enhanced BP responses to sodium restriction 18 and ACE-inhibition. 19 African Americans have a much higher prevalence of the G-6A polymorphism than nonminorities, 20 and it is also this ethnic subgroup that had the greatest response to the DASH diet. 1, 11 The nutrients responsible for an interaction between the DASH diet and the renin-angiotensin system cannot be directly ascertained. Still, it is worthwhile to consider this issue in view of the evidence that certain dietary factors may affect renin-angiotensin system function. Two nutrients that may play a role are potassium and calcium. Studies have evaluated the effects of potassium intake on renin-angiotensin system activity and suggest that an interaction exists. 21, 22 Hollenberg et al. 21 showed that a low potassium intake (40 mmol/day) reduced renal blood flow and blunted the vascular response to angiotensin II, consistent with an increase in renin-angiotensin system activity. Potassium supplementation significantly lowers BP 23 and significantly increases PRA. 23 Similarly, a relationship between dietary calcium, calcium regulating hormones, and the renin-angiotensin system has been known for some time. 24 Oral calcium administration significantly increases PRA and suppresses calcium regulating hormones (ie, parathyroid hormone and 1,25 dihydroxyvitamin D). 25 Despite these observations, the available evidence does not clarify the specific nutrients responsible for effects of the DASH diet on BP or renin-angiotensin system activity. As such, an interactive effect among nutrients is quite plausible, as has been suggested in other clinical trials of the effects of diet on BP. 26 Our results show that the DASH diet with losartan significantly lowers BP in patients with stages 1 and 2 hypertension. This effect is particularly marked in African Tables 1-4 . Data are given as mean Ϯ SD. * P Ͻ .05 v placebo and baseline; † P Ͻ .05 v control diet.
FIG. 3.
Regression relationship between the change in systolic blood pressure (SBP) and baseline plasma renin activity (PRA).
